normative values were determined using the mercury sphygmomanometer. [5] [6] [7] [8] In measurement of BP, the cuff should be applied smoothly and smugly over the upper arm, usually the right arm compressing the brachial artery, with the cuff bladder at the same level with the heart [ Figure 1 ]; there should be enough space between the lower margin of the cuff and the cubital fossa of at least 2 cm to allow for easy placement of the stethoscope; however, this is not always the case; at times, the cuff extends into the cubital fossa and the tubes impede proper placement of the stethoscope. Over the years, we have noticed, especially in lean individuals the sphygmomanometer tubing interfere in the proper placing of the stethoscope during BP measurement; however, if the bladder cuff is inverted with the tubing facing upward, this creates enough space for easy placement of the stethoscope. Therefore, if this process does not affect the BP values, we believe this will ease this challenge; furthermore, in many resource-limited settings, appropriate BP bladder cuffs for all the age groups of varied sizes are limited; therefore, bigger-sized bladder cuff may be used on children 8 years and above; however, because of their lean size, the BP tubing may result in crowding of the cubital fossa with limited space for the stethoscope; however, inverting the bladder with the sphygmomanometer tubing facing upward will create enough space for stethoscope placement.
There are several variations in the positioning of the cuff such as on the forearm, wrist, and even the fingers. [9] Therefore, this study sorts to determine if changing the direction of the cuff with the tubing facing upward will affect the BP reading.
Objectives
To determine the impact of varying the position and direction of the sphygmomanometer cuff on BP readings.
matErIals and mEthods
This was a cross-sectional study. Five hundred and forty individuals were consecutively recruited from the outpatient clinics over a period of 1 year (April 2017-March 2018). The BP of the individuals was taken following the standard protocol (control position): the individuals were seated with armrest, shoulder rested, and feet on the floor uncrossed; after relaxing for at least 5 min using the right arm. [10] BP measurements were also done with the individuals in the supine and also standing posture; an average of two readings was recorded and entered into a pro forma. Afterward, the study protocol was adopted with the individuals in the same sitting, standing, and supine positions but with the bladder position inverted (test position) hence the tubes facing upward [ Figures 1 and 2 ]. Mercury sphygmomanometer (accusson) with appropriate-sized cuffs for the various ages and stethoscope were used for the measurements. Mean difference within 5 mmHg between the control and test procedure was acceptable. [6] Ethical approval was obtained from the Ethical Committee of Aminu Kano Teaching Hospital, and consent was obtained from the individuals.
All individuals seen in the clinics are eligible for recruitment; except those who declined consent, those without arms (amputees), those who find sitting uncomfortable, and younger children who were uncooperative.
Data analysis
Obtained data were entered into Statistical Package for Social Sciences version 16 (SPSS Inc., Chicago, Illinois, USA). The data were presented as tables, and the means with standard deviations (SDs) were calculated. The Bland-Altman plot was also constructed to determine the limit degree of agreement between both test methods.
rEsults
There were 298 males and 242 females recruited for this study constituting a male to female ratio of 1.2:1. Their age ranged from 3 to 14 years. Table 1 reports the BP readings among males in the sitting position; the mean systolic BP for both methods of BP measurement was the same for the 3-year-old, 4-year-old, 6-year-old, 7-year-old, 9-year-old, 10-year-old, 12-year-old, and 13-year-old groups, respectively; however, the observed difference in the 5-year-old, 8-year-old, 11-year-old, and 14-year-old groups were within acceptable limits of <5 mmHg. Furthermore, the mean diastolic BP for both methods was the same for the 5-year-old, 7-year-old, 10-year-old, and 13-year-old groups, respectively; however, the observed difference in the 3-year-old, 4-year-old, 6-year-old, 8-year-old, 9-year-old, 11-year-old , 12-year-old, and 14-year-old groups was not significant. The mean systolic BP measurements among males in the standing position for both methods were the same for the 3-year-old, 4-year-old, 6-year-old, 7-year-old, 9- year-old, 10-year-old, 11-year-old, and 12-year-old groups, respectively. Furthermore, the mean diastolic BP for both methods slightly differed for all the age groups. Table 2 shows the BP readings among males in the supine position; the mean systolic BP for both methods was the same for the 3-year-old, 4-year-old, 6-year-old, 7-year-old, 9- year-old, 10-year-old, and 12-year-old groups, respectively; however, the observed differences in the 5-year-old, 8-year-old, 11-year-old, 13-year-old, and 14-year-old groups were not significant. Furthermore, the mean diastolic BP for both methods was slightly different for all the age groups, except for the 6-year-old, 7-year-old, 9-year-old, and 10-year-old groups; however, the observed differences were within the acceptable limit of 5 mmHg. Table 3 showed that both mean systolic and diastolic BP among the female individuals in the sitting position were almost similar for both methods. Furthermore, Table 3 showed an almost similar mean systolic and diastolic BP reading among the females taken during standing position although the 14-year-old group showed a slightly higher mean value for the test position; however, there was only a point difference in their mean diastolic BP which was acceptable. Table 4 showed an almost similar mean systolic and diastolic BP reading among the females taken during supine position except for the 14-year-old group which showed a difference in their diastolic BP; those in the test position had higher mean value, though there was only a two point difference; which was of no clinical significance, and therefore acceptable.
The mean of the difference between applying the cuff in the normal upright position and the inverted position according to the study protocol were: −0.38 ± 2.70, 0.27 ± 2.18, −0.46 ± 2.88, 0.09 ± 1.58, −0.62 ± 3.14, and 0.09 ± 1.82; as shown in Figures 1-8 , respectively. There were significant agreements between both methods. However, this was most noticeable for the systolic BPs in the sitting and standing positions as was depicted by fewer outliers.
dIscussIon
The practice of BP measurement is routine in adults; however, in pediatric practice, all children from the age of 3 years should have a routine BP measurement during clinic visits; however, those younger than 3 years with the risk of elevated BP such as renal or cardiovascular diseases should also have BP measured. [11] Standard protocol in BP measurement requires taking the readings at least from an average of two to three readings after at least a 5-min rest, patient seated, with the arm, legs uncrossed supported, and the bladder cuff at the level of the heart; the bladder cuff center should overlie the brachial artery. [6, 12] However, aberrations from this protocol are not uncommon in clinical practice, and some studies have shown significant [13] while others showed insignificant differences between the varied protocols. [14, 15] Palatini et al. [13] while comparing BP measurements of the arm and the forearm and the arm and wrist, respectively, reported overestimation of BP readings in both procedures. However, Bilo et al. [14] reported that incorrect bladder cuff position did not have any significant impact on BP readings; so far, the bladder size was appropriate. Similarly, Thilagavathy et al. [15] did not find any difference in measuring the BP of pregnant women while their garments covered the arm during BP measurement.
From our study, there was no significant difference in the systolic BPs from both methods in the sitting, standing, and supine positions among the male individuals; however, the diastolic pressures were slightly higher in the test position; but, these were within the acceptable criterion for BP measurements of 5 mmHg. The American Association of Medical Instrumentation states that a test method/device for BP measurement must not differ from the mercury standard protocol by a mean difference of more than 5 mmHg or a SD of more than 8 mmHg. [16] Similarly, Emerick in their criterion specified that a variation in means between BP measurement methods not exceeding 5 mmHg allow both methods to be used interchangeably. [17] The British Hypertension Society [18] developed a grading system (A-D) based on the cumulative percentages of mean difference readings that fall within 5, 10, or 15 mmHg. All our readings were of Grade A; furthermore, similar pattern was noticed for the systolic BP for the female individuals; however, there were no clear differences in the diastolic pressures among the female individuals. Again, the Bland-Atman plot showed acceptable level of agreement between both measurement methods. Although the mean differences (bias) for most of the comparisons were predominantly negative highlighting that the test method underestimates the BP readings, they were all <5 mmHg. This is possibly attributed to relatively lesser compression applied by the test procedure.
conclusIon
Our test procedure showed agreement with the standard position of bladder cuff positioning. Therefore, it could be used interchangeably.
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